Regulation of Glutamine Synthetase Activity.
Detailed studies of the glutamine synthetase (GS) in Escherichia coli and other bacteria have shown that the activity of this enzyme is regulated by at least five different mechanisms: (i) cumulative feedback inhibition by multiple end products of glutamine metabolism, (ii) interconversion between taut and relaxed protein configurations in response to binding and dissociation of divalent cations at one of its two metal binding sites, (iii) dynamic interconversion of the enzyme between covalently modified (adenylylated) and unmodified forms by a novel bicyclic cascade system, (iv) repression and derepression of glutamine synthetase formation by cyclic phosphorylation and dephosphorylation of an RNA factor that governs transcription activities, and (v) regulation of glutamine synthetase turnover by the coupling of site specific metal ion-catalyzed oxidation with proteolytic degradation of the enzyme. Glutamine synthetase activity in E. coli is subject to inhibition by seven different end products of glutamine metabolism, namely, by tryptophan, histidine, carbamyl-phosphate, CTP, AMP, glucose-6-phosphate, and NAD+, and also by serine, alanine, and glycine. The cascade theory predicts that the steady-state level of glutamine synthetase adenylylation and therefore its catalytic activity is determined by the combined effects of all metabolites that affect the kinetic parameters of one or more of the enzymes in the cascade. Furthermore, under conditions where the supplies of ATP and glutamate are not limiting and the production of glutamine exceeds the demand, GS is no longer needed, then it will be converted to the catalytically inactive adenylylated form that is not under protection of ATP and glutamate.